Birdsongs often comprise a variety of different syllables, and some studies compared sound amplitude among syllables to infer which traits may be more demanding to sing loudly. We measured sound amplitude of syllables within songs of 24 species of Serinus, and found that in 19 species some traits were consistently sung less loudly. This suggests that it is not uncommon that some syllable traits are more demanding than others to sing loudly. Which syllable traits were sung softer varied to a certain extent among species, but some were consistent across the genus: brief syllables and composite syllables (syllables with several elements) were sung less loudly in many species. Across species, the more elements composite syllables had, the stronger its negative effect on loudness, suggesting repeated evolution of a costly trait. We also found that song syntax was related to aspects of vocal output. Repeated syntax was related to high sound amplitude, and non-repeated syntax to high sound to silence ratio. Therefore, syntax may be subject to indirect selection via its relation with these aspects of vocal output. These results suggest that the evolution of song phonology and syntax is influenced by how loudly different species need to sing.
Introduction
Oscine song diversified into a great variety of phonology and syntax across species. This diversity is bounded by a combination of physiological constraints to song production (Gil & Gahr, 2002; Podos et al., 2004a) . For example, syllable duration is limited by ventilation constraints (Hartley & Suthers, 1989) , or sound modulation in the time domain cannot exceed a certain speed, set by how fast different birds can move their respiratory muscles, syrinx muscles or the vocal tract (Podos et al., 2004b; Zollinger & Suthers, 2004; Riede et al., 2006) . The range of sounds that each species is able to produce can be thought of as a multidimensional space, and within that space, closer to its limits, it may be physiologically demanding to sing (Podos et al., 2004a) . For example, not all individuals may be able to sing as loudly, or to sustain songs for as long.
Knowing if, and which, song traits are more demanding to sing is important for two reasons. First, it helps to understand the diversity of birdsong: why certain song traits are more common than others. Second, it is predicted that receivers (e.g., competing males, females choosing mates) pay attention to costly aspects of song as a way of evaluating the quality of the singer (Gil & Gahr, 2002) . Indeed, songs that are putatively more difficult to sing (e.g., with faster trills, greater sound to silence ratio, more complex syllables) seem more efficient in stimulating females or in male-male interactions (e.g., Vallet et al., 1998; Ballentine et al., 2004; Illes et al., 2006; Holveck & Riebel, 2007) . Therefore, knowing which traits are demanding to sing may give cues as to which may be sexually selected.
Two recent studies have successfully used differences in loudness among syllables as a way of inferring which traits are more demanding to sing. High quality black-capped chickadees (Poecile atricapillus) sing notes at both low and high frequencies equally loudly, but low quality males sing the high notes softer (Christie et al., 2004) , suggesting that those higher notes are physiologically demanding. Similarly, in dark-eyed juncos (Junco hyemalis) some aspects of syllable complexity, such as multiple intra-syllable elements, trade-off with sound amplitude, suggesting that they are difficult to sing loudly (Cardoso et al., 2007a) .
This type of covariation of amplitude with syllable traits can provide a valuable research tool to investigate the evolution and design of birdsong. Singing loudly should be advantageous for birds that use song to communicate at long distances, and it also enhances both the intra-and inter-sexual functions of birdsong (Dabelsteen, 1981; Todt, 1981; Searcy, 1996; Brumm & Todt, 2004; Pasteau et al., 2009) . Therefore, if birds sing syllables with a certain trait consistently louder than others, this should indicate a better ability for singing that syllable trait, and vice versa if they sing those syllables
